Summary
The artifactual development of endothelial necrosis, pulmonary congestion, and oedema that has been reported in dogs, cats, and monkeys when the animals were killed with 1-1' 5 ml/kg body weight of the euthanasia agent T-61 was reproduced in adult ewes of the merino breed. This species also exhibited a marked pulmonary congestion with intra-alveolar haemorrhages, septal oedema, and a diffuse cellular damage of the alveolar septa when the recommended dose of O·3 ml/kg body weight was administered after forcing blood flow through one lung by clamping the contralateral hilum. The red coloration of the damaged lung areas may be due to haemolysis, another aspect of T-61 induced cell damage in this species. The degree of haemolysis increases with increasing blood concentration of the agent and approximates complete haemolysis at a T-61 blood concentration of 50/0. The blood concentration dependent degree of haemolysis in sheep' suggests a similar relationship between blood concentration of the agent and degree of pulmonary tissue damage.
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The artifactual development of endothelial necrosis, pulmonary congestion, and oedema following the intravenous injection of 1-1 . 5ml/kg Received 21 March 1987 . Accepted 21 September 1987 body weight T-61 a (National Laboratories, Sommerville, NJ) has been described in monkeys, dogs and cats. However, no lesions were found in these species when the animals were necropsied within 15 min of euthanasia with the recommended dose of O· 3 ml/kg body weight (Port, Garvin & Ganote, 1978) . Therefore, the statement that this euthanasia agent is unsuitable, when postmortem tissue studies are to be made (Lumb & Moreland, 1982) , has been refuted by the manufacturing company (Muser, 1983) . We used O' 3 ml/kg body weight T-61 to kill sheep and found artifactual changes. Our data support the recommendation, not to use T-61 when postmortem tissue studies are to be carried out.
Materials and methods
Thirteen adult ewes of the merino breed weighing between 30 and 50 kg were anaesthetized with halothane, intubated with a double-lumen endotracheal tube, and one lung was exposed to smoke from burning cotton while the contralateral lung was insufflated with air. Thereby an inhalation injury of one lung was created. The animals were awakened and studied for 24 h, then killed by injecting 1ml/kg body weight T-61 into the superior vena cava within 60 s. They were immediately necropsied and lung specimens were obtained for histological evaluation.
"Each ml of T-61 contains:
-gamma-hydroxy-butyramide; 50 mg 4,4'-methylene-bis (cyclohexyl-trimethyl-ammonium iodide); 5 mg tetracaine hydrochloride; with 0,6 m1 dimethylformamide in distilled water.
Six different sheep were anaesthetized with halothane, a median sternotomy was performed, and the left lung hilum was cross-clamped. Then O'3 ml/kg body weight T-61 were injected into the superior vena cava. Lung tissue specimens for histological and electronmicroscopical evaluation were obtained 10min after the animals had died.
Blood samples were obtained from six adult ewes of the merino breed. The sample's haemoglobin concentration was determined using a photoelectric haemoglobinometer.
Different amounts of T-61 (0, 10, 20, 40, 60, 80, 100ftl) were added to 2 ml aliquots of the sample. The aliquots then were centrifuged at 50 g for 10min and the plasma haemoglobin concentration was determined with a spectrophotometer.
All sections for light microscopy were embedded in Pa:raplast, sectioned at 5 ftm, and stained with haematoxylin and eosin, Masson's trichrome, PAS, and fibrin-Lendrum stains.
Sections for electron microscopy were fixed in 30/0 glutaraldehyde in 0'1 M cacodylate buffer, postfixed in 1% osmium tetroxide in 0·1 M cacodylate buffer, washed in 0·1 M cacodylate buffer, 171 dehydrated, and embedded in Spurr's media according to standard technique. Sections were cut on a Du Pont ultramicrotome, mounted on uncoated copper grids, stained with lead citrate, and examined with a Jeoll00 cx electron microscope.
Results
The animals that had an inhalation injury of one lung and were killed with 1ml/kg body weight T-61 showed basically the same macroscopic and microscopic abnormalities that have already been described by Port et ol. (1978) , but only in the lung that had not been exposed to smoke. The smoke exposed lungs exhibited only an interstitial oedema with leucocyte infiltration, whereas the contralateral lungs that had not been exposed to smoke looked deep red and showed marked vasodilatation with severe congestion, haemorrhages, and alveoli filled with haemolytic fluid.
The animals that received O·3 ml/kg body weight T-61 after cross clamping the left lung hilum showed a marked congestion of the right lungs with intra-alveolar haemorrhages when examined with a light microscope (Fig. 1) , while 
Discussion
The apparent side difference of the damage pattern in the animals with inhalation injury of one lung can be explained by hypoxic vasoconstriction in the smoke exposed lungs: caustic smoke components cause an exudative bronchitis that results in the formation of bronchial casts with subsequent obstruction of the bronchi (Herndon et al., 1984) and alveolar hypoventilation. The resulting hypoxic vasoconstriction in
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This study was supported in part by NIH grant GM33324. the smoke exposed lung diverts blood flow to the uninjured area of the contralateral lung. Consequently, the main part of the injected T-61 is carried to the uninjured lung, where it exhibits its artifactual changes. The smoke exposed lungs show only pathological abnormalities that are typical for inhalation injury.
In order to evaluate whether artifactual changes are also induced by O·3 ml/kg body weight T-61 when major lung perfusion inequalities are present, we injected the agent after cross-clamping the left lung hilum. Artifactual changes were found, though to a lesser degree than after injection of 1ml/kg body weight. The obvious dose-response relationship between amount of administered T-61 and degree of artifactual damage is reflected in the blood concentration dependent haemolytic properties of this agent. The route of administration may have enhanced the tissue damaging properties of T-61 in our studies, as injection into a central vein will result in higher initial blood concentrations than injection into a peripheral vein.
The question of which constituent of T-61 actually causes the damage was not pursued. However, as gamma-hydroxy-butyramide, cyclohexyl-trimethyl-ammonium, and tetracaine do not exhibit haemolysing properties, and the amount of distilled water is not sufficient to explain the observed haemolysis, dimethylformamide probably is the damaging compound.
We conclude, that T-61 should not be used for euthanasia purposes in sheep whenever postmortem lung tissue studies are to be carried out. the electron microscope studies revealed diffuse cellular damage of the alveolar septa. The cells showed a spectrum of morphologic changes with swelling and diffuse disintegration of intracellular structures. In most areas the necrotic pneumocytes left a denuded basal lamina and the alveoli were filled with fluid and erythrocytes. The crossclamped left lungs showed congestion without significant alterations of the interalveolar septa. T-61 caused a dose dependent haemolysis (Fig.  2) . Haemolysis was almost complete, when 100p,l of T-61 were added to 2 ml of sheep blood, equivalent to a concentration of 4·8070.
